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Abstract 
Synthetic colorants have been widely used in the food industry. They generally 
excel in stability and lower cost. In recent years, the safety of synthetic food additives 
becomes questionable, and there is increased interest in the development of food 
colorants from natural sources. Anthocyanins are plant pigments widely distributed in 
higher plants and are responsible for the bright colors such as pink, red, purple and blue. 
They have found applications as natural food colorants. 
A high content of anthocyanins is present in the seed coats of a local cultivar of 
Vigna sinensis. In this research, the formation of seed coat pigments during seed 
development was studied. The composition of pigments was analysed. The anthocyanin 
contents increased from day 13 after flowering and reached a maximum in day 19. In 
fully mature seeds three major anthocyanins were identified by HPLC analysis; these 
include cyanidin-3-0-(3-glucopyranoside, delphinidin-3 -O- p -glucopyranoside, and 
petunidin3-O-P-glucopyranoside. The presence of delphinidin-3-0-(3-glucopyranoside, 
and petunidin3-0-P-glucopyranoside is firstly reproted in V. sinensis. 
Tissue culture systems for anthocyanin production were established. The effects 
of medium components on pigment production were investigated. Low phosphate 
concentration(0.63 mM), high nitrogen concentration (90 mM) and osmotica including 
sucrose, mannitols and polyethylene glycol enhanced anthocyanin production in callus 
derived form hypocotyls. In suspension culture derived from seed coat tissue, high 
concentration of nitrogen (90 mM) enhanced anthocyanin production. 
iii 
The optimal culture conditions for anthocyanin production in V. sinensis 
suspension culture system were as follows: MS medium with 90 mM total nitrogen, 1.25 



















綜合各試驗結果，以於MS培養基中添加90 mM氮源,5 mg/L NAA, 0.1 mg/L 
B A及3 %藤糖之條件下由種皮組織誘發的懸浮細胞可獲的花青素最多，其產 
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Chapter 1 Introduction 
Colorants are added to many food items to give consumers the appetizing and 
attractive qualities they like. Synthetic colors generally excel in coloring power, color 
stability and low cost. The first synthetic dye was found by Sir William Perklin in 1856, 
and the uses of synthetic dyes in food industry began. In recent years consumers 
become more aware of the safety of synthetic food additives. In 1976, two synthetic 
dyes FD&C Red No.2 and FD&C Red No.4 were banned in U.S.A. due to their toxicity 
and carcinogenic responses in animal studies. The use of natural red colors from plants 
has increased since. 
1.1 Plant of interest 
Vigna sinensis is a common edible legume cultivated in Asia and Africa (Wu, 
1986). A pigmented V. sinensis cultivar produces seeds with black seed coats. The 
black color is due to the presence of high content of red pigments. These red pigments 
are also found in stems and petioles of the plant. They possess properties of 
anthocyanins. In Hong Kofig, the economic value of black V. sinensis seeds is not high. 
They are used only in soup recipes. 
1 
1.2 Literature review 
1.2.1 Anthocyanins - natural pigments in plants 
1.2.1.1 Sources and biosynthesis 
Anthocyanins are water-soluble and vacuole-containing natural colorants 
belonging to the flavonoid family (Nazza and Miniati, 1993; Bridle and Timerlake, 
1997). They are widely distributed among flowers, fruits, vegetables, roots, tubers, 
bulbs, legumes and cereals and are responsible for the bright colors such as orange, 
pink, red, purple and blue (Nazza and Miniati, 1993; Peterson and Dwyer, 1998). The 
biosynthesis of anthocyanin in plants at least involves two pathways. The first is 
phenylpropanoid pathway. In the pathway, phenylalanine (from shikimic pathway) is 
first converted to 4-coumaroyl-CoA by the action of phenylalanine ammonia lyase 
(PAL), and this compound may be used in the production of lignins, coumarins and 
stilbenes. Conversion of 4-coumaroyl-CoA in the second pathway called flavonoid 
pathway results in the production of a range of intermediates such as chalcones, 
flavanones, and dihydroflavonols. By the action of dehydroflavonol 4- reductase (DFR) 
anthocyanidins and anthocyanins are produced (Figure 1.1) 
1.2.1.2 Chemical properties 
Anthocyanins are glycosides and acylglycosides of anthocyanidins. Some 
common anthocyanidins with different hydroxyl (-0H) or methoxyl (-OCH3) 
substitutions in their basic structure, flavylium(2-phenylbenzopyrilium) are shown in 
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Figure 1.2. Anthocyanin pigments are pH sensitive. An anthocyanin is usually red at 
pH below 2, becoming colorless at pH 4 to 6, and then shift to purple and blue as the pH 
increases (Tamura and Yamagami, 1994). Tamura and Yamagami (1994) found that the 
visible absorption (540 nm) of malvidin 3,5-diglucoside and malvidin 3-glucoside and 
their acyl derivatives in the Muscat bailey A grape decrease as incubation time 
increased. The color principle in anthocyanin is due to the chemical structure of the 
flavylium form or anhydrobase form. During incubation in a weak alkaline aqueous 
solution, the chemical form of these anthocyanins partially changes to a colorless form 
such as pseudobase or chalcone. 
1.2.1.3 Biological effects 
Anthocyanins play a definite role in attracting animals in pollination and seed 
dispersal. They may also have a role in the mechanism of plant resistance to insect 
attack (Nazza and Miniati，1993). Moreover, several animal studies have demonstrated 
the antioxidative effect and anticarcinogenic effect of anthocyanins (Frankel et al., 1993; 
Halliwell, 1998). A commercial extract of Vaccinium myrtillus (bilberry), called V. 
myrtillus anthocyanin (VMA), containing largely glycosides of delphinidin and cyanidin 
has been used to treat various microcirculation diseases resulting from capillary fragility. 
VMA has also been used to maintain normal vascular permeability (Halliwell, 1998) and 
prevent cholesterol-induced antherosclerosis in the rat (Kayamori and Igamshi, 1994). 
Anthocyanins may also have other potential physiologic effects as radiation-protective 
agent (Bridle and Timerlake, 1997), vasorelaxatic agent (Andriambeloson et al., 1998), 
radical scavenger and antioxidant (Tsuda et al., 1993; Tamura and Yamagami, 1994; 
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Tsuda et al., 1994; Fauconneau et al., 1997; Satue-Gracia, et al., 1997). Anthocyanins 
also act as an inhibitor on various enzymes and metabolic process (Beretz, et al., 1978; 
Landolfi, et al., 1984; Wei et al., 1990; Elliott, et al., 1992; Galvez et al, 1995). These 
biological activities of anthocyanins may contribute significantly to the beneficial effects 
of consumption of fruits, vegetables, crops and beans (Wang and Prior, 1997), 
suggesting that we ingest considerable amounts of anthocyanin pigments from plant-
based daily diets. The pigments may play an important role as dietary antioxidants for 
prevention of oxidative damage cause by active oxygen radicals in living system (Tsuda 
et al., 1996). Furthermore, they may be safe and can be used as drugs for some 
oxidative-damage-induced diseases (Li et al., 1990; Saiki et al., 1990; Vinson et al., 
1995; Halliwell, 1997; Nagase et al., 1998). 
1.2.2 Characterization of anthocyanins 
There is an interest in the development of food colorants from natural sources to 
replace the uses of synthetic colorants (Bridle and Timberlake, 1997). Due to the ban of 
synthetic red colorants (FD&C Red No.2 and No.4) in U.S.A. in 1976 and consumers, 
concern in the safety of additives the use of natural red pigments as coloring agents had 
increased (Hong and Wrolstad, 1990). Anthocyanins are considered as potential 
replacements for synthetic dyes. Because of their bright attractive colors and solubility 
properties they may be appropriate for many food applications (Mazza and Miniati, 
1993). There were many pigments have been characterized from fruit and vegetables. 
Mazza (1986) has reported that the main anthocyanins in the saskatoon berries were 
cyanidin-3-galactoside and cyandin-3-glucoside. The major anthocyanins of red onion 
4 
{Allium sp.) were cyanidin species with trace amount of two pelargonidin derivatives 
and the 3,5-diglucosides of cyanidin and peonidin (Fossen et al., 1996). Moreover, the 
major pigments of red radish were pelargonidin-3-sophorasid-5-glucoside acylated with 
malonic acid, and either p-coumaric and / or ferulic acids (Giusti and Wrolstad, 1996a). 
The findings of acylated anthoyanins have proven the acylation of anthocyanin molecule 
improves pigment stability during food processing and storage (Giusti and Wrolstand, 
1996a,b). These findings also increased the uses of anthocyanins extracted from intact 
plants as natural colorants in food industry. 
Paper and thin-layer chromatographic methods are commonly used in the process 
of identification of anthocyanins and other flavonoid compounds (Hrazdina and 
Franzese, 1974). Because of the time-consuming development both for paper (up to 36 
hours) and thin-layer chromatograms (2- 5 hours), a speedy analysis of a large number 
of samples were needed. The developments in high-pressure liquid chromatography, 
instrumentation and column support materials, allowed the analysis of a number of 
natural products whose properties did not permit derivatization and gas chromatographic 
detection. High-performance liquid chromatography (HPLC) has been used in the 
characterization of anthocyanins from plants. The successful separation and 
identification of anthocyanins have been determined from cherries (Giusti and Wrolstad, 
1996; Ordaz-Galindo et al., 1999); berries (Bride and Garcia-Viguera, 1997; Mazza, 
1986; Hakkinen et al., 1998), grapes (Tamura and Yamagami, 1994; Baldi, et al., 1995), 
lychee (Rivera-Lopez et al., 1999), potatoes (Rodriguez-Sanona et al., 1998; Lewis et 
al,, 1998(a), (b)) and legumes (Tsuda et aL, 1994 and Yoshida et al., 1996). The 
anthocyanins in the legumes were quite different (Nazzolillo and McNeill, 1984), but all 
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of them were belonging to six classes. They were cyanidin, delphinidin, malvidin, 
pelargonidin, peonidin, petunidin and their glycosides or rutinoside (Yoshida et al., 
1996). 
Reversed-phase high performance liquid chromatography (RP-HPLC) 
Reversed-phase chromatography (RP-HPLC) is the most common 
chromatographic method used in food items such as fruit jams (Garcia-Viguera, 1997), 
juices (Hong and Wrolstad, 1990) and wines (Ghiselli et al., 1998). In RP-HPLC, the 
stationary phase is nonpolar, often a hydrocarbon matrix, and the mobile phase is 
relatively polar (such as water, methanol or accetonitrile). In the separation, the most 
polar component appears first and increasing the mobile phase polarity increases the 
elution time. Two elution methods could be used for separations, one is 'isocratic' and 
the other one is 'gradient'. In isocratic elution, a single solvent is employed in a 
separation. In gradient elution, two (and sometimes more) solvent systems that differ 
significantly in polarity are employed; and the ratio of the two solvents is varied 
continuously in series of steps during the separation (Lindsay, 1993). 
1.2.3 Plant tissue and cell cultures 
Although anthocyanins are commonly obtained by extraction from intact plants, 
numerous problems were found in the production and marketing. The supply of raw 
materials can be unstable due to seasonal and geographic restrictions. Even if sufficient 
plants are grown, they must be harvested and maintained in a proper physiological 
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condition. Plant tissue culture may provide an improvement to whole plants as a 
biological source of useful compounds. 
Plant cell and tissue cultures are established under sterile conditions from 
explants (for examples: shoot tips, leaves, stems, or roots) excised from the whole plant. 
Under suitable environmental conditions and incubation on an optimal solid medium, 
different types of cultures can be induced to develop, i.e. callus (undifferentiated cell 
masses), adventitious shoot, somatic embryo or root cultures. Suspension cultures are 
developed from the friable callus tissue growing in a liquid medium. And the yield of 
suspension cultures can be amplified by using large-volume bioreactors. The 
development of plant tissue culture techniques as a means of production of valuable 
phytochemicals (such as flavors, enzymes, essential oils and pigments) has been widely 
studied during the past few decades. Despite the problem that the growth rate of plant 
tissues is generally low, plant tissues still remain some advantages for the production of 
secondary metabolites. It could ensure a continuous supply of uniform-quality, highly 
specialized, natural components that cannot be produced in equal quality or specificity 
by other means of biotechnological productions. Plant cell and tissue cultures offer the 
possibility of quality control and availability independent of environmental changes 
(Dornenburg and knorr, 1995). 
1.2.4 Induction of anthocyanins in plant tissue culture 
Many studies have shown that anthocyanins can be induced in callus cultures. For 
examples, the expression of anthocyanins and other flavonoids has been reported in 
callus cultures of cranberry (Madhavi et al, 1995). It showed that low levels of 
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anthocyanins and only cyanidin species can be initiated from different parts of cranberry 
under light condition. Rajendran and associates (1992) has reported under optimal 
conditions, the anthocyanins productions in callus cultures of Daucus carota, can reach 
at the highest yield of 13 mg/flask after 3 weeks of culture. In general anthocyanins 
induction in callus cultures, is lower than that of suspension cultures. Mori et al. (1993) 
has reported that the anthocyanin production in suspended cultures of strawberry could 
reach a yield of 5 mg/flask in twelve days of culture. These results showed that 
suspension cultures have advantages over callus culture in terms of culture time and 
yield. 
Other studies on the production of anthocyanins using various plant cell culture 
systems such as Haplopappus gracilis, wild carrot, carrot, red leaf peach, Vitis sp., 
Ajuga sp., berries, Oxalis sp., Per ilia frutescens, Hyacinthus orientalis and Hyoscyamus 
muticus are summarized in Table 1.1. 
1.2.5 Factors affecting anthocyanin production 
1.2.5.1 Plant hormones 
Plant hormones such as auxins and cytokinins are important components of plant 
tissue culture medium. The commonly used auxins are a-naphthaleneacetic acid (NAA) 
and 2,4-dichlorophenoxyacetic acid (2,4-D), and the widely used cytokinins include 6-
benzylaminopurine (BA) and kinetin (Kn). The ratios of auxin and cytokinin not only 
determine the type of differentiations, they also affect anthocyanins production. Ozeki 
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and Komanine (1986) reported that cytokinins promoted anthocyanin synthesis in the 
absence of auxin in carrot suspension cultures. In contrary, Makunga et al.{\991) 
reported the addition of 2,4-D inhibited anthocyanin production and accumulation in 
Oxalis reclinata callus. Moreover, Mori, T. (1994) reported the anthocyanins 
composition was influenced by 2,4-D combined with BA. He found that the content of 




Inorganic phosphate is one of the most effective nutrient factors for the growth of 
callus and suspension cell cultures. Phosphate is incorporated in macromolecules such 
as nucleic acids, phospholipids and plays an essential role in energy metabolism. 
Rajendran et al. (1992) reported that low phosphate concentration enhanced anthocyanin 
production with a low growth in Daucus carota callus culture and this phenomenon was 
also observed in grape cell suspensions under phosphate deprivation (Dedaldechamp et 
aL, 1995). 
1.2.5.2.2 Nitrogen 
Nitrogen is usually supplied to plant cell culture media as a combination of 
nitrate and ammonium. Nitrogen is required for growth. The concentration of nitrogen 
supplied affected cell growth and anthocyanin production (Cordts et al., 1987; 
Rajendran et aL, 1992). The studies showed that decreasing nitrate concentration in the 
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culture medium increased the production of anthocyanin. Cordts et al., 1987; Do and 
Cormier, 1991(b); Rajendran et al., 1992). Moreover, anthocyanin production and cell 
growth were inhibited by high ammonium (Mori and Sakurai, 1994). 
1.2.5.3 Osmotica 
1.2.5.3.1 Sucrose 
Sugars such as sucrose, glucose and fructose are the carbon source commonly 
used in plant tissue culture medium. Studies showed that sugars especially sucrose were 
not only used as the carbon source, but also as an osmoticum i f they were used in a high 
concentration (Do and Cormier, 1991(a); Rajendran et al., 1992). The majority of 
studies showed that anthocyanin productions were promoted by a high sucrose 
concentration (Cormier et al., 1989; Meyer and Van Staden, 1995); Decendit and 
Merillon, 1996). Besides concentration, the types of sugar also affected anthocyanin 
formation (Cordts et al., 1987; Zwayyed et al., 1991; Mori and Sakurai, 1994; Larronde 
et al., 1998). 
1.2.5.3.2 Other factors 
Riboflavin has been known as the major photoreceptor for the induction of 
anthocyanin synthesis in Sorghum bicolor (Jain and Guruprasad, 1990). The influence 
of riboflavin on anthocyanin synthesis has been studied using intact plant (Jain and 
Guruprasad, 1990). Also, there are a few reports concerning the effects of riboflavin on 
anthocyanin synthesis in cell cultures. Mori and Sakurai (1995) investigated the effect 
of riboflavin on cell growth and anthocyanin production in strawberry suspension 
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cultures from petiole. They showed that riboflavin at concentration of 4 mg/1 stimulated 
the anthocyanin production. Similar result had been obtained using strawberry 
suspension cultures from leaves (Mori and Sakurai, 1996). In addition to riboflavin, UV 
(Wellmann et al., 1976), organic acids (Dougall and Weyrauch, 1980; Dougall et al., 
1998), biosynthetic intermediates (Baker et al,, 1994), fungal elicitors (Rajendran et al., 
1994), conditioning factors (Mori and Sakurai, 1994), and substrates of biosynthetic 
enzyme (Dedaldechamp and Uhel, 1999) had been reported to have effects on the in 




There were some studies on the characterization of anthocyanin pigments in different 
species of Vigna (Nozolillo and McNeill, 1985; Yoshida et al, 1996). However, little is 
known about the formation of anthocyanins during seed development. No attempt had 
been tried to study anthocyanin synthesis in Vigna tissue culture system. The objectives 
of this research are: (1) to characterize the seed coat pigments and to study the pigment 
formation during seed development, and (2) to develop tissue culture technology for the 
production of these pigments. Yield improvement will be achieved by different 
strategies including selection of plant tissues, manipulation of plant hormones and 
nutrients, as well as environmental conditions. 
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Figure 1.2—Structure of common anthocyanidins 
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Table 1.1. Plant species studied for anthocyanin production by tissue culture. 
Species Culture type Reference 
Haplopappus gracilis Callus Stickland and Sunderland, 1972 
Wild carrot Cell culture Dougall et al., 1980 
Strobilanthes dyeriana Callus Smith et al, 1981 
Daucus carota (carrot) Cell culture Hemingson and Collins, 1982 
Prunus per sic a (L.) Batsch Cordts et aL, 1987. 
(red leaf peach) 
Ajuga reptans Cell culture Callebaut <2/, 1990; 
Terahara era/., 1996 
Vitis vinifera (grape) Cell culture Cormier et al., 1992 
Fragaria snanassa cv shikinari Cell culture Mori et al., 1993 
(strawberry) 
Vaccinium ashei Reade (blueberry) Cell culture Nawa, et al., 1993 
Salanum tuberosum L. (Potato) Callus Zubko et al,, 1993 
Ipomoea batatas L. (sweet potato) Callus Chu and Wen, 1994 
Dioscorea data L. var. purpurea Callus Fan and Wen, 1994 
Vaccinium macrcarpon Ait Callus Madhavi et al., 1995 
(canberry) 
Oxalis linearis Callus Meyer and Vanstaden, 1995 
Perialla frutescen Cell culture Zhong and Yoshida, 1995 
Hyoscyamus muticus L. Callus Basu and Chand, 1996 
Hyacinthus orientalis Regenerated Hosokawa a/., 1996 
flowers 
Ajuga pyramidal is Metallica Crispa Cell culture Madhavi et al., 1996 
Vaccinium myrtillus (bilberry) Cell culture Madhavi et al., 1998 
Glehnia littoral is Callus Miura et aL, 1998 
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Chapter 2 Materials and Methods 
2.1 Plant materials 
Dried seeds of Vigna sinensis were purchased from the local market. Seeds 
were sown in the pots. The plants were cultivated in the pots. Pods were collected at 
different developmental stages to obtain seed of different ages. 
2.2 Study of pigment formation in different developmental stages 
2.2.1 Cultivation of V. sinensis 
Dried seeds were placed on pots (9x15 cm, width x height) with soil and 
kept in the greenhouse for germination. The seedlings (15 cm, height) were 
transferred to large pots (25 x 30 cm, width x height) and placed outside of the 
greenhouse. Three seedlings were cultivated per pod. 
2.2.2 Sample collection 
The fresh pods were obtained from different developmental stages. The pod 
length, width, number of seeds and seed weight were recorded. Seed coat pigments at 
different developmental stages were analyzed by HPLC. 
2.2.3 HPLC analysis of pigmented vegetative tissues 
Pigmented petals and stems were also studied in this study. The pigmented 
petals (standard + wings) were collected from the fully expanded flowers. The stems 
were cut into small pieces (1 cm, length) before extraction. The procedures for 
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pigment extraction and HPLC analysis were the same as that for seed coats (section 
2.3.3). 
2.2.4 HPLC analysis of seed coats at different developmental stages 
Seeds were obtained from pods collected from day 5 to 21 after flowering. 
Seed coats were extracted by the same procedures as described in section 2.3.1 and 
analysed by HPLC as described in section 2.3.3. 
2.2 Characterization of seed coat pigments 
2.3. 1 Extraction of seed coats pigments 
Fifty grams of dried seeds were soaked in distilled water with shaking (100 
rpm) for 24 hours. The seed coats were peeled manually and extracted with 95 % 
ethanol containing 0.1 % HCl with shaking for 24 hours. The extracts were filtered 
with filter paper (Whatman No.2) under vacuum to remove the seed coat residues. 
The ethanolic extract was concentrated using a rotary-evaportor (Biichi, series 
REl 11) at 40 °C and the pigment was dissolved in distilled water and kept at -80。C. 
The frozen extract was lyophilized. The lyophilized seed coat pigment powder was 
stored at 4 °C. Pigment powder was subject to HPLC analysis with or without prior 
acid hydrolysis. For HPLC analysis, a pigment solution of 20 mg / ml methanol (70 
%) was used. 
2.3.2 Acid hydrolysis of anthocyanins 
The procedure of acid hydrolysis was performed according to Mori, et al. 
(1993). The crude powder from section 2.1 (2 mg / ml) was dissolved in 6 N 
hydrochloric acid : methanol (1 : 1) in a screw-cap test tube and heated at 80。C 
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for 6 hours. The reaction mixture was concentrated using rotary evaporator (Blichi, 
series R E l l l ) and redissolved in 1 ml methanol (70 %), for subsequent HPLC 
analysis. 
2.3.3 High-performance liquid chromatography (HPLC) 
2.3.3.1 HPLC system 
The analytical system included the Hewlett Packard Series 1100 liquid 
chromatograph equipped with a Hewlett Packard 1100 photodiode array detector and 
a Hewlett Packard 1100 computer system. The system was connected with a guard 
column (Eclipse XDB-C18, 4.6 mm id x 12.5 mm, 5 |li) and a separating column 
(Eclipse XDB-C18, 4.6 mm id x 150 mm, 5 ^ i). 
2.3.3.2 Analytical conditions 
Both hydrolysed and unhydrolysed samples were analyzed under the same 
condition. All samples and standards were filtered with minipore filter (0.2 |Lim), 10 
|il sample solution was injected per run. The mobile phase system was performed 
according to Baldi, et al. (1995), which included a gradient of solvent A and B. 
Solvent A was water: formic acid (93 : 7). Solvent B was water : acetonitrile : 
methanol : formic acid(47 : 23 : 23 : 7). A linear gradient of 0 to 50 % solvent B was 
set within 60 min. The flow rate was 1.5 ml / min. The chromatograms were 
acquired at 535, 520 and 280 nm. Commerial standards ((1 mg / ml methanol (70 
%)) for the unhydrolysed samples included cyanidin-3-0-B-glucopyranoside (1201-
1), delphinidin-3-O-B-glucopyranoside (1401-1), malvidin-3-O-B-glucopyranoside 
(l'601-l), pelargonidin-3-O-B-glucopyranoside (1101-1), peonidin-3-O-B-
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glucopyranoside (1301-1) and petunidin-3 -0-B-glucopyranoside (1501-1). 
Commerial standards (1 mg / ml methanol (70 %)) for the hydrolyzed samples 
included cyanidin (0200-1), delphinidin (0400-1), malvidin (06001-1), pelargonidin 
(0100-1), peonidin (0300-1) and petunidin (0500-1). 
2.4 Establishment of tissue culture system 
2.4.1 Aseptic plant stocks 
Mature seeds were harvested from dried pods. They were surface disinfected 
by soaking for 15 sec in 70 % ethanol then in 1 % solution of sodium hypochlorite 
(NaOCl) for 20 min (two times) and rinsed 3 times with sterile distilled water. Seeds 
were aseptically transferred into 250 mL flask containing sterile MS (Murashige and 
Skoog, 1962) medium (50 mL) with 3 % sucrose (AJAX, 530) and 1 % phytagar 
(GIBCO BRL, 10675-023). The pH of the medium was adjusted to 5.6 with 0.1 N 
KOH prior to autoclave at 121 °C for 20 min. The seeds were incubated at 26 °C in 
the dark for 3 days, and then illuminated under continuous light (3000 lux) for 4 
weeks. All operations were carried out under aseptic condition. 
2.4.2 Shoot-tip cultures 
Shoot-tip cultures were used to maintain the source of aseptic plants. Shoot-
tips from 4 weeks old aseptic plants (section 2.3.1) were cut into 4 cm long (with 2-3 
leaves). They were aseptically transferred and placed vertically on the same medium 
and incubated at 26 °C under continuous light (3000 lux) for 4 weeks. 
2.4.3 Callus initiation 
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In this study, seed coats were used as pigmented tissues and other tissues 
from the aseptic plant (section 2.3.2) were used as non-pigmented tissues. 
2.4.3.1 From seed coats 
Immature seeds at various stages of development (5 to 17 days after 
flowering) were surface disinfected by soaking for 15 sec in 70 % ethanol then in 1 
o/o solution of sodium hypochlorite (NaOCl) for 20 min (two times) and rinsed 3 
times with sterile distilled water. Seed coats were peeled and aseptically transferred 
into culture bottles containing sterile MS (Murashige and Skoog, 1962) medium (15 
mL) with 3 % sucrose (AJAX, 530), 1 % phytagar (GIBCO BRL, 10675-023) which 
was supplemented with various concentrations of plant hormones. The pH of the 
medium was adjusted to 5.6 with 0.1 N KOH prior to autoclave at 121 °C for 20 min. 
The seed coats were incubated at 26。C under continuous light (3000 lux). Callus 
tissues were transferred every 3 weeks to a fleshly prepared MS medium. 
2.4.3.2 From vegetative tissues 
Calli were also induced from the hypocotyls, leaves and roots which were 
obtained from 2 weeks old aseptically plants (section 2.4.1). Al l tissues were cut into 
segments (3 mm long) and placed on the same medium under the same conditions of 
seed coat culture (section 2.4.3.1). 
2.4.3.3 Light and dark 
Seed coats from immature seeds at different stages of development (section 
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2.4.3.1) and vegetative tissues from aseptically plants (section 2.4.3.2) were placed 
on MS medium (15 mL) at pH supplemented with phytagar 1% (v/v), NAA (5 
mg/L), BA (0.1 mg/L) in a 60 mL sterile bottle. The cultures were incubated at 26 
°C under continuous light (3000 lux) or dark. Callus tissues were transferred every 3 
weeks to a fleshy prepared MS medium. The results were expressed as frequency of 
callus formation (%). 
Number of explants formed callus 
Frequency of callus formation = x 100 /o 
Total number of explants per treatment 
2.4.4 Optimization of callus growth 
The callus cultures derived from the hypocotyl and seed coats were then 
transferred to different defined medium. 
2.4.4.1 Basal medium 
Two kinds of basal media, namely MS and B5 medium were used, as basal 
media to determine which one was suitable. Table 1.1 shows the components of MS 
and B5 medium. The basal media were supplemented with various kinds and 
concentrations of plant hormones. 
2.4.4.2 Combination of various plant hormones 
The cultures were grown in MS or B5 medium and supplemented with 
various kinds and concentrations of plant hormones in this study. Auxins were NAA 
and 2,4-D and cytokinins were BA and kinetin. 
2.4.4.3 Basal salt 
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In this study, various strength (1/8, 1/4, 1/2, 1, 3/2 X) of standard MS 
medium were used as basal salt to determine which one was optimal. 
2.5 Studies of anthocyanin production in hypocotyl callus cultures 
In this study, all cultures were incubated at 26 oC under continuous light 
(3000 lux) for 3 weeks. 
2.5.1 Effects of nutrients 
2.5.1.1 Nitrogen 
In order to examine the influence of nitrogen source on callus growth and 
anthocyanins production, NH4NO3 and KNO3 were used as nitrogen sources. Various 
concentrations 15, 30, 60, 90 and 120 mM of total nitrogen were added to MS solid 
medium (15 mL) at pH 5.6 supplemented with sucrose 3% (w/v), phytagar 1 % 
(w/v), NAA (5 mg/L) and BA (0.1 mg/L) in a 60 mL sterile bottle. The growth of 
callus and anthocyanin content were recorded from three replicates at week. 
2.5.1.2 Phosphate 
Various concentrations (0.31, 0.63, 1.25 and 1.87 mM) of phosphate (PO4') as 
KH2PO4 were added to MS medium (15 mL) at pH 5.6 supplemented with sucrose 
3% (w/v), phytagar 1 % (w/v), NAA (5 mg/L) and BA (0.1 mg/L) in a 60 mL sterile 
bottle. The growth of callus and anthocyanin content were recorded from three 
replicates at week. 
2.5.2 Osmotic stress 
2.5.2.1 Sucrose 
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The calli were cultured on MS medium (15 mL) at pH 5.6 supplemented with 
phytagar 1% (w/v), NAA (5 mg/L), BA (0.1 mg/L) and various concentrations of 
sucrose (1, 3, 5, 7 and 9 %, w/v) in a 60 mL sterile bottle. The growth of callus and 
anthocyanin content were recorded from three replicates at week. 
2.5.2.2 Mannitol 
The calli were also treated with a combination of sucrose (3%, w/v) and 
mannitol 1 to 5 % (w/v). The growth of callus and anthocyanin content were 
recorded from three replicates at week. 
2.5.2.3 Sodium chloride 
The calli were incubated on MS medium at pH 5.6 supplemented with 
sucrose 3 % (w/v), phytagar 1 % (w/v), NAA (5mg/L), BA (O.lmg/L) and with 
various concentrations (0, 1, 3, 5, 7 and 9 %) of NaCl. The callus growth and 
anthocyanin content were recorded from three replicates on week. 
2.5.2.4 Polyethylene glycol 
The calli were incubated on MS medium at pH 5.6 supplemented with 
sucrose 3% (w/v), phytagar 1% (w/v), NAA (5mg/L), BA (0.1 mg/L), and various 
concentrations (0, 1, 2, 3, 4 and 5 %) of PEG (Merck, 818897). The callus growth 
and anthocyanin content were recorded from three replicates on week. 
2.6 Studies of anthocyanin production in cell suspension cultures 
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Cell suspension cultures were initiated by transferring about 0.3 g (fresh 
weight) of friable callus tissue (derived from seed coats) to 50 ml of liquid MS 
medium at pH 5.6 supplemented with sucrose, NAA and BA in 250 mL flasks. The 
cultures incubated on a rotary shaker (80 rpm, Lab-line, series 618) under continuous 
light (3000 lux) at room temperature. Suspension cultures were grown for 3 weeks, 
during which the medium was changed every week. The inoculation volume for 
subculture was 1:4 (v/v). Resulting cell suspension were transferred to various 
fleshly prepared liquid media and then incubated on a rotary shaker (80 rpm, Lab-
line, series 618) under continuous light (3000 lux) at room temperature. After 3 
weeks of incubation cells were harvested for cell weight (section 2.7) and 
anthocyanin content.(section 2.8) were determined. 
2.6.1 Effects of nutrients 
2.6.1.1 Nitrogen 
In order to examine nitrogen source influence on cell growth and 
anthocyanins production, NH4NO3 and KNO3 were used as nitrogen sources. Various 
concentrations 15, 30, 60, 90 and 120 mM of total nitrogen were added to MS liquid 
medium (50 ml) at pH 5.6 supplemented with sucrose 3% (w/v), NAA (5 mg/1) and 
BA (0.1 mg/1) in a 250 mL flask. The growth of cell and anthocyanin content were 
recorded from three replicates at week. 
2.6.1.2 Phosphate 
Various concentrations (0.313, 0.625, 1.250 and 1.873 mM) of phosphate 
(PO4') as KH2PO4 were added to MS liquid medium (50 ml) at pH 5.6 supplemented 
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with sucrose 3% (w/v), NAA (5 mg/1) and BA (0.1 mg/1) in a 250 ml flask. The 
growth of cells and anthocyanin content were recorded from three replicates at 3'。 
week. 
2.6.2 Osmotic stress 
2.6.2.1 Sucrose 
The callus were cultured in MS liquid medium (50 ml) at pH 5.6 
supplemented with NAA (5 mg/1), BA (0.1 mg/1) and various concentrations of 
sucrose (1, 3, 5, 7 and 9 %, w/v) in a 250 mL flask. The growth of cell and 
anthocyanin content were recorded from three replicates at week. 
2.6.2.2 Polyethylene glycol 
The cells were incubated in MS liquid medium at pH 5.6 supplemented with 
sucrose 3% (w/v), NAA (5mg/L), BA (0.1 mg/L), and various concentrations (0, 1, 
2，3, 4 and 5 %) of polyethylene glycol (PEG, Merck, 818897). The cell growth and 
anthocyanin content were recorded from three replicates on week. 
2.6.3 Effects of other factors 
2.6.3.1 Riboflavin 
The cells were incubated in modified MS liquid medium (50 mL) at pH 5.6 
supplemented with ammonium: nitrate ratios of 1:2 using NH4NO3 and KNO3 in a 
nitrogen-free MS medium containing sucrose (3%, w/v), NAA (5mg/L), BA(0.1 
mg/L) and various concentrations (0, 0.5, 1.0, 5.0 and 10.0 mg/L) of riboflavin 
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(Sigma, R-4500). The cell growth and anthocyanin content were recorded from three 
replicates on 3「」week. 
2.6.3.2 pH 
Cells were incubated in modified MS liquid medium (50 mL) at pH 4.6，5.0 
and 5.6 supplemented with ammonium:nitrate ratios of 1:2 using NH4NO3 and KNO3 
in a nitrogen-free MS medium containing sucrose (3%, w/v), NAA (5mg/L) and BA 
(0.1 mg/L). The cell growth and anthocyanin content were recorded from three 
replicates on 3『」week. 
2.7 Measurement of cell growth 
Cells were separated from the culture medium by filtration with filter paper 
(Whatman No.2) under vacuum and then weighed. Result was expressed as fresh 
cell weight per flask. 
2.8 Estimation of anthocyanins 
Fresh cells (1 g) were extracted overnight using 95 % ethanol containing 0.1 
0/0 (v/v) HCl at 4 °C overnight. The extract was then filtered with filter paper 
(Whatman No.2). The absorbance of the extract (filtrate) was measured using a 
Milton Roy DAD spectrophotometer (Milton Roy, SP 3000) at 535 nm. Results 
were calibrated with standard (Cyandin-3-glucoside). Cyanidin-3-glucoside 
equivalent was expressed as ^g/g fresh weight (FW). Total anthocyanin yield was 
expressed as mg/50 ml liquid MS medium per flask. 
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2.9 Statistical analysis 
Data were presented as mean 士 SD, using one-way analysis of variance 
(ANOVA) with Excel made statistical analyses. Differences with P< 0.05 (Zar, 
1966) were considered statistically significant. Multiple comparisons between means 
were done with t-Tukey test using SPSS sofeware. 
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Table 2.1—Comparison of the components of MS^ and Gamborg's Medium. 
Component MS (mg/L) B5 (mg/L) 
Macronutrient 
NH4NO3 1650 134 
KNO3 1900 2500 
CaCl2.2H20 332.2 113.24 
MgS04.7H20 180.7 122.09 
Na2-EDTA 37.25 37.3 
FeS04.7H20 27.8 27.85 
Micronutrient 
H2BO3 6.2 3.0 
ZnS04.4H20 5.37 1.25 
KI 0.83 0.75 
Na2Mo04.2H20 0.25 0.25 
CUSO4.5H2O 0.016 0.016 
C0CI2.6H2O 0.014 0.014 
Vitamins 
Glycine 2.0 
MES 500 -c 
Myo-inostol 100 100 
Nicotinic acid 0.5 1.0 
Pyridoxin.HCl 0.5 1.0 
Thiamine.HCl 0.1 10.0 
Surcose W W 
a Mursuge and Skoog, 1962 
^ Gamborg, 1968 
e absent. 
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Figure 2.1—The flow-chart of tissue culture establishment and anthocyanin 
induction of V. sinensis, 
Explants (seed coats, tissues from aspect plants) 
Hormone combination test 
Callus initiation 




Callus (derived from hypocotyl) Callus (derived from seed coats) 
(1) Nutrient stress (1) Nutrient stress 
(2) Osmotic stress (2) Osmotic stress 
• 
Weight and extraction 
Y 
Analyses of callus growth and anthocyanin production 
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Chapter 3 Results 
3.1 Study of pigment formation at different developmental stages 
3.1.1 General description 
The seeds of Vigna sinensis germinate 7 days after sow. Plants with twining 
stems can grow to 2 m or more, and often with a purple color. Flowers occur at 8-9 
weeks after cultivation, often falling very soon after opening. Flowers are typically 
papilionaceous, with violet standard and wing petals (Figure 3.1a). The fruit is a pod 
(Figure 3.1b), 10-20 cm long and about 1cm wide, not flattened and often rounded at the 
ends. The seeds are kidney-shape, the dry weight of dehydrated seeds is about 150-200 
mg, and with a colored seed coat (Figure 3.1c). 
3.1.2 HPLC analysis of developing seed coats and other vegetative tissues 
Anthocyanin was not detected in immature seed coats before day 7. Cyanidin-3-
0-P-glucopyranoside occurred firstly on day 9, and followed by delphinidin-3-O-P-
glucopyranoside and petunidin-3-0-|3-glucopyranoside (Table 3.1). Different 
anthocyanins were found in petals and stems, they were petunidin and cyanidin-3-O-P-
glucopyranoside, respectively. Delphinidin and cyanidin were the aglycones found only 
in stem extract after acid hydrolysis (Table 3.2). 
3.1.3 The relationship between pigment formation and seed development 
Only slight changes were shown on pod length and pod width (Figure 3.2). 
However, seed weight and seed coat anthocyanin content increased in the middle of seed 
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development. Seed weight increased from day 9 and reached the maximum at day 17, 
and it decreased from day 19 due to dehydration occurred. Anthocyanin content of the 
seed coats increased from day 13 and reached the maximum at day 19 (Figure 3.2 and 
3.3). 
3.2 Characterization of seed coat pigments 
Reverse phase HPLC chromatogram of anthocyanins from seed coats (Figure 3.4) 
showed seed coats extract had three major pigments comprised of delphinidin-3-O-p-
glucopyranoside, cyanidin-3-O-P-glucopyranoside and petuidin-3-O-P-glucopyranoside. 
On acid hydrolysis of anthocyanins, delphinindin, cyanidin and petunidin were the 
aglycones in the seed coats extract (Figure 3.5). 
Figure 3.6 shows the comparison of the maximum absorption spectra of HPLC 
fractions from V. sinensis and standards. The spectra of peaks a, b and c (see Figure 
3.4a) were same as the standards delphinidin-3-O-(3-glucopyranoside (Figure 3.6a), 
cyanidin-3-O-P-glucopyranoside (Figure 3.6b) and petunidin3-0-P-glucopyranoside 
(Figure 3.6c) at 523 nm, 535 nm and 546 nm, respectively. And the spectra of the peaks 
a', b' and c’ (see Figure 3.5a) were same as the aglycones of these standards at 530 nm, 
543 nm and 553 nm, respectively (Figure 3.6a-c). 
Table 3.3 shows the analytical HPLC data of the anthocyanins in the seed coat 
extract. The major pigments presented by peak 2, peak 4 and peak 6; and the 
compositions were 34.3 %(delphinidin-3-0-(3-glucopyranoside), 30.2 % (cyanidin-3-0-
3-glucopyranoside) and 14.4 % (petunidin-3-O-P-glucopyranoside). 
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Table 3.4 shows the analytical HPLC data of the anthocyanidins in the seed coat 
extract after hydrolysis. The composition of major aglucones in seed coat extracts were 
29.1 %(delphinidin), 49.5 % (cyanidin) and 17.9 % (petunidin). 
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Figure 3.1 一 (a) Flower of V, sinensis (flowering after 8-9 
weeks of cultivation), (b) Pod of V, sinensis (pods formed after 
9 days of flowering), (c) Black seeds of V, sinensis (seeds on 
day 21). 
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Table 3.1—Anthocyanins from different stages of V. sinensis seed formation 
Day No. of peaks Anthocyanin 
on HPLC 
profile 
5 ND ND 
7 ND ND 
9 1 Cyanidin-3 -0-B-glucopyranoside 
11 1 Cyanidin-3 -0-B-glucopyranoside 
13 2 Cyanidin-3 -0-B-glucopyranoside 
Delphinidin-3-O-B-glucopyranoside 
15 10 Cyanidin-3 -0-B-glucopyranoside 
Delphinidin-3-O-B-glucopyranoside 
Petunidin-3-0-B-glucopyranoside 
ND: No peak was detected on HPLC. 
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Table 3.2—Anthocyanins and anthocyanidins from different parts of 
V. sinensis plant. 
Explants Anthocyanin Acid-hydrolysis^ i) Anthocyanidin 
(X, nm) 
Petals Petunidin 3-0-p- ND ND 
glucopyranoside 
Stem Cyanidin 3-0-(3- 530,522 Delphinidin 
glucopyranoside Cyanidin 
Seed coats Delphinidin 3-0- 530 Delphinidin 
(from dried P-glucopyranoside 
seeds) Cyanidin 3-0-P- 522 Cyanidin 
glucopyranoside 
Petunidin 3-0-P- 534 Petunidin 
glucopyranoside 
ND: No peak was detected on HPLC.⑴ Maximum absorbance after acid 
hydrolysis. 
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Figure 3.2—The changes of pod length, pod width, seed weight and anthocyanin 
content at different stages of seed development. Each value represents the average of 
three replicates and vertical lines represent the SD of replicates. 
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Figure 3.3—The absorption spectra of anthocyanin pigments from V, sinensis seed 
coats at different stages of seed development. 
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Figure 3.4—(a) Reverse phase HPLC profile of anthocyanins from V, sinensis 
seed coats. Peak identification: a. Delphinidin-3-O-P-glucopyranoside, b. Cyanidin-3-
0-P-glucopyranoside, c. Petunidin-3-O-p-glucopyranoside. Reverse phase HPLC 
profile of standards: (b) Delphinidin-3-O-P-glucopyranoside (c) Cyanidiii-3-O-P-
glucopyranoside, (d) Petunidin-3-O-P-glucopyranoside. 
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Figure 3.5—(a) Reverse phase HPLC profile of anthocyanidins from K sinensis 
seed coat extracts after acid hydrolysis. Peak identification: a'. Delphinidin, b'. 
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Delphinidin (c) Cyanidin (d) Petunidin. 
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Figure3.6一The maximum absorption spectra of anthocyanin 
standards and HPLC peaks. (Peaks a, b, and c see Figure 3.4a and 
peaks a丨，b' and c' see Figure 3.5a). Std=standard, (a) Dp=delphinidin, 
Dp-Glu=dephinidin-3-0-P-glucopyranoside. (b) Cy=cyanidin, Cy-Glu= 
cyanidin-3-0-(3-glucopyranoside. (c) Pt=petunidin, Pt-Glu=petunidin-3-
O-p-glucopyranoside. 
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Table 3.3—Analytical HPLC data for the anthocyanins in the seed coat 
extracts after acid hydrolysis of V, sinensis. 
Peak No.⑴ RT X^ ax Composition 
(min) (nm) (Area % at 535 nm) 
1 23.8 522 2.6 
2 26.5 522 34.3 
3 27.6 518 0.8 
4 30.7 514 30.2 
5 32.7 526 1.2 
6 35.5 526 14.4 
7 39.8 518 2.3 
8 40.6 526 1.0 
9 43.4 526 11.6 
10 46.8 518 1.2 
Standards 
Delphinidin-3-0- 26.5 522 
3-glucopyranoside 
Cyanidin-3-O-P- 30.7 514 
glucopyranoside 
Petunidin-3-0-(3- 35.5 526 
glucopyranoside 
⑴ Sample was separated with HPLC using solvent A: 7 % formic acid and solvent 
B: water:methanol:acetronitrile:formic acid = 47:23:23:7. 
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Table 3.4一Analytical HPLC data for the anthocyanidins in seed coat 
extracts of V. sinensis. 
Peak No.(1) RT ？^隱 Composition 
(min) (nm) (Area % at 535 nm) 
1 36.4 530 29.5 
2 44.5 522 49.5 
3 49.7 534 17.9 
Standards 
Delphinidin 36.4 530 
Cyanidin 44.5 522 
Petunidin 49.7 534 
(1) Sample was separated with HPLC using solvent A: 7 % formic acid and solvent 
B: water:methanol:acetronitrile:formic acid = 47:23:23:7. 
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3.3 Establishment of tissue culture system 
3.3.1 Callus initiations from seed coats 
Figure 3.7 shows the frequency of callus formation of seed coat explants 
obtained from different stages after flowering. Seed coats obtained from day 15 showed 
highest frequency of callus initiation, i.e. 58.8 % and 100 % under light and in dark, 
respectively. Dark condition favored callus initiation. 
Figure 3.8 shows the influence of NAA and BA on the frequency of callus 
formation. There was no callus formed on NAA and BA-free medium. Combination of 
BA and NAA in a ratio of 1:50 was more effective for callus initiation. MS medium 
with NAA (5 mg/L) and BA (0.1 mg/L) was suitable for seed coat callus initiation. 
3.3.2 Callus initiation from vegetative tissues 
Figure 3.9 shows the callus formation of various vegetative tissues from aseptic 
plants. Calli were initiated in all tissues. The frequency of callus formation in dark 
were 100 %, 55 %, 36 % for hypocotyl, leaf and root, respectively. And the callus 
formation under light was lower than the dark cultures. 
Figure 3.10 shows the effects of different explants on callus formation of V. 
sinensis. There were significant difference between hypocotyls and other explants. The 
highest callus formation (100 %) was obtained from hypocotyl cultures. 
3.3.3 Optimization of callus growth 
3.3.3.1 Effects of NAA and BA 
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Figure 3.11 and 3.12 show the effects of NAA and BA on callus growth in V. 
sinensis hypocotyl and seed coat explants. There was no growth from calli of hypocotyl 
and seed coats on NAA and BA-free MS medium. Combination of BA with NAA in a 
ratio of 1:50 was more effective for callus growth, and the fresh weight (FW) was 0.38 g 
and 0.2 g in hypocotyl and seed coat callus, respectively. 
3.3.3.2 Effects of basal medium and combinations of plant hormones 
Table 3.5 shows the effects of basal medium and combinations of plant 
hormones in hypocotyl callus and seed coat callus culture. There was no significant 
difference between basal media, MS and B5. And no difference was observed various 
combination of plant hormones. Similar results were also obtained in seed coat cultures. 
3.3.3.3 Effects of basal salt 
Figure 3.13 shows the effect of strength of MS basal salt on hypocotyl callus 
growth in V. sinensis. There was an obvious reduction on growth when cultures were 
treated with low strength MS basal salt (<1 x). Similar results were also obtained in seed 
coat cultures (Figure 3.14). 
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Figure 3.7—Frequency of callus formation from seed coats at different stages of 
seed development. Cultures were maintained on MS medium with NAA (5mg /L) and 
BA (0.1 mg/L) in light (3000 lux) or dark at 25°C. Each value represents the average of 
three replicates (n=20) and vertical lines represent the SD of replicates. 
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Figure 3.8—Influence of NAA and BA on callus formation of seed coat(i) 
and hypocotyl(2) in V. sinensis. Each value represents the average of three 
replicates (n=20) and vertical lines represent the SD of replicates.⑴ The calli 
were derived from seed coats at day 15 after flowering.⑵ The calli were 
derived from hypocotyls of aseptic plants. 
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Figure 3.10一Callus formation from different explants of K sinensis. Cultures 
were maintained in MS medium with NAA (5mg/L and BA (0.1 mg/L) in dark at 
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Figure 3.11—Influence of NAA and BA on the growth of callus 
derived from V, sinensis hypocotyl explants. Each value represents the 
average of three replicates (n=20) and vertical lines represent the SD of 
replicates. Means with same letter show no significant difference at 
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Figure 3.12—Influence of NAA and BA on the growth of callus derived from K 
sinensis seed coat(i) explants. Each value represents the average of three replicates 
(n=20) and vertical lines represent the SD of replicates.⑴ The calli were derived from 
seed coats at day 15 after flowering. Means with same letter show no significant 
difference atP=0.05. 
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Table 3.5—Influence of basal medium and plant hormones on 
callus growth of V. sinensis hypocotyl and seed coat explants. 
Basal Auxin Cytokinin Hypocotyl⑴ Seed coats(2) 
Medium (mg/L) (mg/L) (FW, (FW, 
g/callus) g/callus) 
MS NAA(5) BA(O.l) 0.20 ± 0.04a(3) 0.18±0.04a⑶ 
Kn(O.l) 0.17 ± 0.09a 0.15 ± 0.07a 
2,4-D(5) BA(O.l) 0.13 ± 0.04a o. l5± 0.04a 
Kn(O.l) 0.18 ±0.043 0.18 ± 0.04a 
B5 NAA(5) BA(O.l) 0.19 ± 0.07a o.23 ± 0.06a 
Kn(O.l) 0.11 ± 0.02a 0.11 ± 0.02a 
2,4-D(5) BA(O.l) 0.18±0.10a 0.20±0.10a 
Kn(O.l) 0.12 ± 0.07a 0.12 ± 0.09a 
Each value represents the mean 土 SD of three replicates (n=20).⑴ Hypocotyl 
callus derived from hypocotyls of aseptic plants.⑵ Seed coat callus derived form 
seed coats at days 15 after flowering.⑶ Means with same letter in the same 
column do not show significant difference at P=0.05. 
51 
4.5 - a 
4 ” 
3.5 ab 
0 了 J 
1.5 - b 
1 J b b T 
0.5 -- i _ _ i鎮 i _ _ i i l l i l i l _ _ _ _ I I M i 
緣賴丨頓^貌憩丨丨丨丨丨丨丨織 纖丨丨德縫教：額纖黎丨丨： 後络凝?解凝凝丨丨丨總： 纖纖ii絲ii纖凝錢 
0 —— - - —.^  一—1 -:，3:(丨：，.——一―：灣權 ^ 一 
1/8 X 1/4 X 1/2 X 1 X 3/2 X 
Strength of standard MS basal salt (x) 
Figure 3.13—Influence of basal salt on the growth of callus derived from 
V, sinensis hypocotyl explants. Each value represented the average of three 
replicates (n=20) and vertical lines represent the SD of replicates. Means 
with same letter show no significant difference at P=0.05. 
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3.4 Studies of anthocyanin production on hypocotyl callus culture 
There are many studies on anthocyanin production in callus cultures (Table 
1.1). However, the plant materials which used usually rich on anthocyanin 
contents. And there was little attention on the non-pigmented tissues (tissues 
without target pigments), therefore we choose the green colored hypocotyl as 
explants to study the ability of non-pigmented tissues on anthocyanin production. 
3.4.1 Effects of nutrients 
3.4.1.1 Effects of total nitrogen 
Table 3.6 shows the influence of total nitrogen on callus growth and 
anthocyanin production in hypocotyl callus culture of V. sinensis. Total nitrogen 
reduced cell growth with concentrations below or above 60 mM (total nitrogen 
concentration of standard MS medium), depressing cell growth as compared to 
the control. Callus growth using the higher or lower total nitrogen concentrations 
was only 30 % of the control. However, anthocyanin synthesis was enhanced by 
nitrogen. Using nitrogen concentration of 90 mM, anthocyanin content of about 
1.44 |ig/g FW was obtained, which was higher (P<0.05) than that of the control. 
It seems that total nitrogen concentration of 90 mM was more preferred for 
anthocyanin production in hypocotyl callus cultures. 
3.4.1.2 Effects of phosphate 
Table 3.7 shows the influence of phosphate on callus growth and 
anthocyanin production in callus culture of V. sinensis. Under phosphate stress 
conditions, the growth of callus was lower than that of the control (1.25 mM, 
phosphate concentration of standard MS medium), except callus in phosphate 
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concentration of 0.31 mM. At this concentration, anthocyanin content increased 
over 1.2 folds, with a yield of 1.14 jug/g FW as compared to 0.95 jug/g FW of the 
control. Although there was no significant difference in anthocyanin production 
in phosphate concentrations of 0.31, 0.63, and 1.88 mM. It seems that the 
phosphate concentrations of 0.31 to 0.63 mM were more suitable for anthocyanin 
production, because of the highest yield obtained. 
3.4.2 Effects of plant hormones 
Table 3.8 shows the influence of hormones on callus growth and 
anthocyanin production in callus culture. There was no significant difference 
between different types of auxins and cytokinins used. Increase in BA 
concentration did not affect callus growth. However, the anthocyanin content 
increased with increase in BA concentration up to 1 mg/L regardless the type of 
auxin used. In medium containing 1 mg/L BA, the yields of anthocyanin were 
about 2.34 )Lig/g FW and 1.71 jug/g FW in depending on whether NAA or 2,4-D 
were used. These represented an increase of 1.1 fold and 0.6 fold over the low 
BA (0.1 mg/L) media. It seems that NAA (5 mg/L) combined with BA (1 mg/L) 
was more suitable for anthocyanin production in hypocotyl callus. 
3.4.3 Osmotic stress 
In this study sucrose and mannitol were commonly used as osmotic 
agents. Since sucrose was the carbon source of the culture media, mannitol was 
also used to study the effect of osmoticum. Increase in osmoticum concentrations 
(sucrose alone or a combination of sucrose and mannitol reduced callus growth. 
(Table 3.9 and 3.10). When sucrose was added alone, the anthocyanin content 
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increased with increase in sucrose concentration up to 9 %. At 9 % sucrose level 
the growth was reduced. In 5 % sucrose containing medium the yield of 
anthocyanin was about 1.14 ^g/g FW. With a combination of 3 % sucrose (w/v) 
and 3 % mannitol (w/v), anthocyanin level reached 1.27 )Lig/g FW, the highest 
value obtained among various osmoticum treatments tested (Table 3.10). 
Table 3.11 shows the influence of NaCl on callus growth and anthocyanin 
production in callus of V. sinensis. Both of the callus growth and anthocyanin 
production were inhibited when NaCl were added in the medium. 
Table 3.12 shows the influence of polyethylene glycol (PEG); another 
osmoticum. There was no significant difference between the PEG-added and 
control medium on cell growth. Anthocyanin content increased over 1.76 folds 
in PEG (2 %) with a yield of 2.74 \xglg FW in comparison with 1.56 )Lig/g FW of 
the control. 
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Table 3.6—Influence of total nitrogen on callus growth 
and anthocyanin production in V. sinensis hypocotyl cultures. 
Total nitrogen Fresh weight Anthocyanin content 
cncentration (mM) (g/callus) (cyanidin-3-glucoside 
equivalent, jug/g FW) 
0 0.35 士 0.08b(2) 0 6 ^ + 0 0 ^ 
15 0.27 ± 0.05b 0.98±0.10b 
30 0.23 ± 0.02b 0.88 ± 0.05b 
60⑴ 1.00 ± 0.04a 0.95 ± 0.03b 
90 0.16 ± 0.03b 1.44 ± 0.29a 
Cultures were maintained on MS medium with NAA (5 mg/L) and BA 
(mg/L) in light at 25 °C for 3 weeks. Each value represents the mean 士 SD 
of three replicates (n二20).⑴ Concentration of total nitrogen on standard 
MS medium.⑵ Means with same letter in the same column do not show 
significant difference at P=0.05. 
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Table 3.7—Influence of phosphate on callus growth and anthocyanin 
production in V. sinensis hypocotyl cultures. 
Phosphate Fresh weight Anthocyanin content 
concentration (mM) (g/callus) (cyanidin-3-glucoside 
equivalent, jug/g FW) 
0 1.23 ± 0.3(F) 0.71±0.04b(2) 
0.31 4.87 ± 0.35a 1.14 ± 0.05a 
0-63 1.37 ±0.47c 1.63±0.0{/ 
1.25⑴ 1.87 ± 0.86b 0.95 ± 0.03b 
1-88 1.40 ±0.41。 1.03 ± 0.16a 
Cultures were maintained on MS medium with NAA (5 mg/L) and BA 
(O.lmg/L) in light at 25 °C for 3 weeks. Each value represents the mean 士 
SD of three replicates (n=20).⑴ Concentration of phosphate on standard 
MS medium.⑵ Means with same letter in the same column do not show 
significant difference at P=0.05. 
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Table 3.8一Influence of hormones on callus growth and anthocyanin 
production in V, sinensis hypocotyl cultures. 
Hormone Fresh weight Anthocyanin content 
concentration (mg/L) (g/callus) (cyanidin-3-glucoside 
equivalent, jug/g FW) 
Auxins + Cytokinins 
NAA(5) BA(O.l) 0.20 ± 0.04a⑴ 1.14 ± 0.08a⑴ 
NAA(5) Kn(O.l) 0.17 ± 0.09a 1.04±0.01& 
NAA(5) BA(l.O) 0.19 ± 0.05a 2.34 ± 0.22a 
2,4-D(5) BA(0.1) 0.13 ± 0.04a 1.10 ± 0.04a 
2,4-D(5) Kn(O.l) 0.18 ± 0.04a 1.00 ± 0.02a 
2,4-D(5) BA(l.O) 0.20 士 0.08' 1.71 士 0.18' 
Cultures were maintained on MS medium with auxins (NAA, 2,4-D), 
cytokinins (BA, kinetin) and 3 % sucrose in light at 25 °C for 3 weeks' 
Each value represents the mean 土 SD of three replicates (n二20).⑴ Means 
with same letter in the same column do not show significant difference at 
P=0.05. 
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Table 3.9一Influence of sucrose on callus growth and anthocyanin 
production in V. sinensis hypocotyl cultures. 
Sucrose Fresh weight Anthocyanin content 
concentration (%) (g/callus) (cyanidin-3-glucoside 
equivalent, |ig/g FW) 
1 0.32±0.04_ 0.71 ± 0.04b⑴ 
3 0.34 ± 0.14a 0.95±0.03ab 
5 0.15±0.02bc 1.14 ± 0.05a 
7 0.34 土 0.03a 1.03±0.00a 
9 0.14 ± 0.02b 1.03 ± 0.16a 
Cultures were maintained on MS medium with NAA (5 mg/L), BA (0.1 
mg/L) and various concentrations of sucrose in light at 25 °C for 3 
weeks. Each value represents the mean 士 SD of three replicates (n=20). 
⑴ Means with same letter in the same column do not show significant 
difference at P=0.05. 
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Table 3.10—Influence of sucrose and mannitol on callus growth 
and anthocyanin production in V. sinensis hypocotyl cultures. 
Sucrose Fresh weight Anthocyanin content 
(cyanidin-3-glucoside 
concentration (%) (g/callus) equivalent,昭/g FW) 
Sucrose + Mannitol 
3 0 0.12 ± 0.14a⑴ 0.84 ± 0.07b⑴ 
3 1 0.38 ± 0.33a 0.84± 0.05b 
3 2 0.23 ±0.10a 0.86 ± 0.03b 
3 3 0.17 ± 0.07a 1.27 ± 0.15a 
3 4 0.17 ± 0.06a 0.84±0.0lb 
3 5 0.13 ± 0.06a 0.96 ± 0.06b 
Cultures were maintained on MS medium with NAA (5 mg/L), BA 
(O.lmg/L), 3 0/0 sucrose and various concentrations of mannitol in light 
at 25 °C for 3 weeks. Each value represents the mean 土 SD of three 
replicates (n=20).⑴ Means with same letter in the same column do not 
show significant difference at P=0.05. 
61 
Table 3.11—Influence of NaCl on callus growth and anthocyanin 
production in V. sinensis hypocotyl culture. 
NaCl Fresh weight 
concentration (%) (g/callus) Anthocyanin content 
(cyanidin-3-glucoside 
equivalent, jug/g FW) 
0 0.28 ± 0.06(1) 0.95 ± 0.03a⑴ 
1 0.14±0.0lb ND 
3 0.16±0.03ab ND 
5 0.22 士 0.08ab ND 
7 0.06 ± 0.03b ND 
9 ND ND 
Cultures were maintained on MS medium with NAA (5 mg/L), BA 
(0.1 mg/L), 3 % sucrose and various concentrations of NaCl in light at 25 
OC for 3 weeks. Each value represents the mean 士 SD of three replicates 
(n=20). Means with same letter in the same column do not show 
significant difference at P=0.05. ND: No absorbance was detected on 
spectrophotometer. 
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Table 3.12—Influence of PEG on callus growth and anthocyanin 
production in V. sinensis hypocotyl cultures 
Sucrose Fresh weight Anthocyanin content 
(cyanidin-3 -glucoside 
concentration (%) (g/callus) equivalent，jug/g FW) 
Sucrose + PEG 
3 0 0.25 ± 0.07a⑴ 1.56 土 0.15。⑴ 
3 1 0.26 ± 0.08a 1.49± 0.12c 
3 2 0.26 ± 0.18a 2.74 ± 0.12a 
3 3 0.18 ± 0.05a 2.63±0.34ab 
3 4 0.14±0.0r 2.10±0.04bc 
3 5 0.21 ± 0.03a 1.92±0.36bc 
Cultures were maintained on MS medium with NAA (5 mg/L), BA 
(O.lmg/L), 3 % sucrose and various concentrations of PEG in light at 25 
•C for 3 weeks. Each value represents the mean 士 SD of three replicates 
(n=20).⑴ Means with same letter in the same column do not show 
significant difference at P=0.05. 
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3.5 Establishment of suspension culture system 
Due to the highest anthocyanin content in seed coat callus culture (Figure 3.15), 
suspension cell cultures were established from seed coat callus for further study. 
Figure 3.16 shows the growth curve and anthocyanin production in suspension 
cells of V. sinensis. Maximum growth was observed at week of culture, whereas 
anthocyanin production reached its peak at S'd week with a yield of 0.8 jug/g FW. 
3.6 Studies of anthocyanin production in seed coat suspension cultures 
3.6.1 Nutrient effects on suspension cultures 
The influence of total nitrogen on cell growth and anthocyanin production on 
suspension culture of V. sinensis seed coats was shown in (Table 3.13). Under nitrogen 
stress conditions, the growth of the suspension cell was higher than that of the control. 
Anthocyanin content increased over 13.9 folds in concentration of 90 mM total nitrogen, 
with a yield of 12.06 |Lig/g FW in comparison with 0.87 |Lig/g FW of the control. And the 
highest yield in total anthocyanin content was also obtained in nitrogen concentration of 
90 mM (48.7 ^ig/flask). 
Table 3.14 shows the influence of phosphate on cell growth and anthocyanin 
production in suspension cultures of V. sinenesis seed coats. Under phosphate stress 
conditions, there was no significant difference between phosphate concentrations 
between 0.31 to 1.88 mM on cell growth. However, anthocyanin content increased over 
1.68 folds in phosphate concentration of 0.63 mM with a yield of 1.6 jug/g FW as 
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compared to 0.95 ^ig/g FW of the control. And the highest total anthocyanin (13.65 
fxg/flask) was also obtained from this concentration. It seems phosphate concentration 
of 0.63 mM was the best phosphate concentration of medium for anthocyanin 
production. 
3.6.2 Osmotic stress on suspension cultures 
Table 3.15 shows the influence of sucrose on cell growth and anthocyanin 
production in seed suspension cultures. The growth of suspension cells decreased as 
sucrose increased. The anthocyanin content increased with increased in sucrose 
concentration up to 9 %. In 3 % sucrose containing medium the yield of anthocyanin 
was about 5.04 jug/g FW. 
Table 3.16 shows the influence of PEG on cell growth and anthocyanin 
production in seed coat suspension cultures. The growth of cells and anthocyanin 
production were inhibited when PEG was added to the medium. 
3.6.3 Effects of phosphate with high nitrogen 
Considering the results (Table 3.13) a total nitrogen concentration of 90 mM was 
used in this study. Figure 3.17 shows the effect of phosphate on cell growth and 
anthocyanin production (Figure 3.18) in suspension culture of V. sinensis seed coats. 
There was no significant difference between various phosphate concentrations on cell 
growth and anthocyanin production and the growth of cells were parallel to the 
anthocyanin production. 
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3.6.4 Effects of riboflavin with high nitrogen 
In this study, the culture media contained 90 mM total nitrogen, 3 % sucrose and 
1.25 mM phosphate. Riboflavin inhibited cell growth when used in high concentration 
(>5 mg/L) (Figure 3.19). Anthocyanin content increased over 4.1 folds in riboflavin 
concentration of 1 mg/L with a yield of 1.4 \ i g / g FW as compared to 0.3 ^ig/g FW of the 
control (Figure 3.20). 
3.6.5 Influence of pH with high nitrogen 
Figure 3.21 shows the effects of pH under high nitrogen condition on cell growth 
in suspension of V. sinensis seed coat cultures. There was no significant difference in 
the cell growth. However, anthocyanin production was lower at pH 4.6 as compared to 
pH 5 and pH 5.6(Figure 3.22) 
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Figure 3.15一The anthocyanin content of different callus cultures of V.sinensis. 
Each value represents the average of three replicates (n=20) and vertical lines represent 
the SD of replicates. Means with the same letter do not show significant difference at 
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Figure 3.16一The cell growth and anthocyanin production in seed coat 
suspension culture of V. sinensis. Culture maintained on MS liquid medium 
with NAA (5mg/L) and BA (0.1 mg/L) in light at 25 °C for 21 days. 
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Table 3.13—Influence of total nitrogen on cell growth and anthocyanin 
production in suspension culture of V. sinensis seed coat cultures 
Total nitrogen Fresh weight Anthocyanin content Total anthocyanin 
concentration (g/culture) (cyanidin-3-glucoside (fig/flask) 
(mM) equivalent, |ag/g FW) 
15 2.59 士 0 . 9 1 _ 3.53 士 1.96^(2) 8.84 士 1 . 9 6 _ 
30 3.85 ±0.56^^ 5.34 ±3.46^^ 21.22 ± 14.59^^ 
60⑴ 2.11 士 1 .59b 0.87 土 0 . 15b 1.93 土 1 .60b 
90 4.04 士 1.18ab 12.06 土 8.34a 48.58 士 37.08& 
120 5.08 土 2 . 3 7 a 2.94 土 1.99^ 15.58 士 13.45匕 
Cultures were maintained in MS medium with NAA (5 mg/L), BA (0.1 mg/L), and 3 % 
(w/v) sucrose on a rotary shaker (80 rpm) under continuous light (3000 lux) at 25 C—for 
21 days. Each value represents the mean 士 SD of three replicates (n=3). 
⑴Concentration of total nitrogen on standard MS medium.⑵ Means with same letter in 
the same column do not show significant difference at P=0.05. 
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Table 3.14—Influence of phosphate on cell growth and anthocyanin production in 
suspension culture of V. sinensis seed coat cultures. 
Phosphate Fresh weight Anthocyanin content Total anthocyanin 
concentration (g/culture) (cyanidin-3-glucoside (|ig/flask) 
(mM) equivalent, |ig/g FW) 
5 1.41±0.77C(2) 1.02±0.32b(2) 1.79 ± 
0.31 6.73±1.0lb 1,07 ± 0.13b 7.72 ± 0.49b 
0.63 8.22 士 0.59a 1.60 土 O.Oa 13.65 士 0.54a 
1.25(1) 7.47 ±1.4iab 0.90 ± 0.03b 7.32 ±0.31^ 
1.88 6.19±0.30b 1.28 ± 0.16b 5.30 ±0.35^ 
Cultures were maintained in MS medium with NAA (5 mg/L), BA (0.1 mg/L), and 3 % 
(w/v) sucrose on a rotary shaker (80 rpm) under continuous light (3000 lux) at 25。C for 
21 days. Each value represents the mean 士 SD of three replicates (n=3).⑴ Concentration 
of phosphate on standard MS medium.⑵ Means with same letter in the same column do 
not show significant difference at P=0.05. 
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Table 3.15—Influence of sucrose on cell growth and anthocyanin production in 
suspension culture of V. sinensis seed coat cultures 
Sucrose Fresh weight Anthocyanin content Total anthocyanin 
concentration (g/culture) (cyanidin-3-glucoside (^ig/flask) 
(%) equivalent, |ig/g FW) 
i 2 . 3 2 士 0 . 0 4 a � 1 .95 ± 0 . 4 6 b � 4 . 5 3 ± 1 . 0 5 a � 
3 0 . 8 7 ± 0.08b 5 .04 ± 0.76a 4 . 2 4 ± 0.83ab 
5 0.32 ±0.05。 2.91 土 0.87ab 0.90 ± 0.1 l^ b 
7 0 . 3 4 ± 0 . 0 3 � 2 . 9 7 ± 0 . 3 2 a b 1.01 ± 0.19b 
9 0 . 2 7 ± 0.05c 2 . 8 6 ± 1 . 6 7 a b 0 . 7 2 ± 0 . 3 3匕 
Cultures were maintained in MS medium with NAA (5 mg/L), BA (0.1 mg/L), and 
various concentrations of sucrose on a rotary shaker (80 rpm) under continuous light 
(3000 lux) at 25 °C for 21 days. Each value represents the mean 士 SD of three replicates 
(n=20).⑴ Means with same letter in the same column do not show significant difference 
atP=0.05. 
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Table 3.16—Influence of PEG on cell growth and anthocyanin production in 
suspension culture of V. sinensis seed coat cultures. 
PEG Fresh weight Anthocyanin content Total anthocyanin 
concentration (g/flask) (cyanidin-3-glucoside (|ag/flask) 
(%) equivalent, |ag/g FW) 
0 1.24±0.48a(i) 4.13 ± 1.04a⑴ 4.62 ± 0.52a⑴ 
1 1.33 ± 0.26a 2.42±0.10b 3.20±0.57ab 
2 1.23 ± 0.42a 1.88±0.39be 2.20 ± 0.28卜 
3 0.98 ±0.28ab 1.76±0.72bc 1.81 ± 1.21"。 
4 0.57 土 0.32ab 0.72 士 0.01。 0.41 土 0.22。 
5 0 . 1 9 ± 0 . 0 7卜 0.82 ± 0 . 0 2。 0.16 ± 0 . 0 6。 
Cultures were maintained in MS medium with NAA (5 mg/L). BA (0.1 mg/L), sucrose 
(3 %. w/v) and various concentrations of PEG on a rotary shaker (80 rpm) under 
conlinuoiis light (3000 lux) at 25 "C for 3 weeks. Each value represents the mean 土 SI) 
of three replicates (n二3).⑴ Means with same letter in the same column do not show 
significant difference al P=0.05. 
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Figure 3.17—Influence of phosphate on cell growth in suspension culture of V, 
sinensis. Cultures were maintained on MS medium with 90 mM total nitrogen, NAA (5 
mg/L), BA (0.1 mg/L) and sucrose 3 % on a rotary shaker (80 rpm) under continuous light 
at 25 °C for 21 days. Each value represents the average of three replicates and vertical lines 
represent the SD of replicates. ^ Means with the same letter do not show significant 
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Figure 3.18—Influence of phosphate on anthocyanin production in 
suspension culture of V. sinensis. Cultures were maintained on MS 
medium with 90 mM total nitrogen, NAA (5 mg/L), BA (0.1 mg/L) and 
sucrose 3 % on a rotary shaker (80 rpm) under continuous light at 25 °C for 
21 days. Each value represents the average of three replicates and vertical 
lines represent the SD of replicates, a Means with the same letter do not 
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Figure 3.19—Influence of riboflavin on cell growth in suspension 
culture of V. sinensis. Cultures were maintained on MS medium with 90 
mM total nitrogen, 1.25 mM phosphate, NAA (5 mg/L), BA (0.1 mg/L) and 
sucrose 3 % on a rotary shaker (80 rpm) under continuous light at 25 °C for 
21 days. Each value represents the average of three replicates and vertical 
lines represent the SD of replicates, a—。Means with the same letter do not 
show significant difference at P=0.05. 
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Figure 3.20—Influence of riboflavin on anthocyanin production in 
suspension culture of V. sinensis. Cultures were maintained on MS 
medium with 90 mM total nitrogen, 1.25 mM pshosphat, NAA (5 mg/L), BA 
(0.1 mg/L) and sucrose 3 % on a rotary shaker (80 rpm) under continuous 
light at 25 °C for 21 days. Each value represents the average of three 
replicates and vertical lines represent the SD of replicates. Means with the 
same letter do not show significant difference at P=0.05. 
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Figure 3.21—Influence of pH on cell growth in suspension culture of V. 
sinensis. Cultures were maintained on MS medium with 90 mM total 
nitrogen, 1.25 mM pshosphat, NAA (5 mg/L), BA (0.1 mg/L) and sucrose 3 
o/o on a rotary shaker (80 rpm) under continuous light at 25 °C for 21 days. 
Each value represents the average of three replicates and vertical lines 
represent the SD of replicates. ‘ Means with the same letter do not show 
significant difference at P=0.05. 
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Figure 3.22—Influence of pH on anthocyanin production in suspension 
culture of V. sinensis. Cultures were maintained on MS medium with 90 
mM total nitrogen, 1.25 mM pshosphat, NAA (5 mg/L), BA (0.1 mg/L) and 
sucrose 3 % on a rotary shaker (80 rpm) under continuous light at 25 °C for 
21 days. Each value represents the average of three replicates and vertical 
lines represent the SD of replicates, a—b Means with the same letter do not 
show significant difference at P二0.05. 
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Chapter 4 Discussion 
4.1 Anthocyanins in vegetative tissues and seed coats of Vigna sinensis 
This research attempted to study the pigmentation of a black seed cultivar of Vigna 
sinensis which is an edible legume cultivated in Southest Asia. Anthocyanins are 
present in different plant parts of this cultivar, including the flowers, epidermis of stem, 
and particularly the seeds which exhibit an intense black color due to the high pigment 
content. Our results showed that the presence of petunidin-3-O-p-glucopyranoside gives 
petals a violet color. The red color of stems is due to the accumulation of cyanidin-3-O-
3-glucopyranoside in the epidermal cells. The pigmentation of these tissues also occur 
in other Vigna species (Nozzolillo and McNeill, 1985). In our particular V. sinensis 
cultivar, seed coats contain a high content of anthocyanins. Three major anthocyanins 
were found in the seed coats, namely cyanidin3-0-|3-glucopyranoside, delphinidin-3-0-
3-glucopyranoside and petunidin3 -O- (3 -glucopyranoside. The accumulation of 
anthocyanins in seed coats during seed development was studied. Cyanidin-3-O-P-
glucopyranoside firstly appeared at day 9 after flowering, followed by delphinidin3-0-(3-
glucopyranoside at day 13, and petunidin-3-0-P-glucopyranoside at day 15. 
Anthocyanins rapidly accumulated from day 13 and reached a maximum at day 19 when 
the seed fully developed. By comparing their chemical structures and time of occurrence 
during seed developing, the chemical structure of cyanidin-3-O-P-glucopyranoside is 
similar to that of delphinidin-3-O-P-glucopyranoside (Figure 1.2) except the hydroxyl at 
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5' position, it seems that an addition of hydroxy 1 group occurred during seed 
development to give rise to delphinidin-3-O-P-glucopyranoside as observed in day 13. 
And a methylation reaction occurred at 3' position of delphinidin-3-O-13-glucopyranoside 
to produce petunidin-3-0-|3-glucopyranoside as observed at day 15. Therefore, it can be 
deduced that cyanidin-3-O-(3-glucopyranoside was the precursor of delphinidin-3-0-p-
glucopyranoside which then gave rise to petunidin-3-O-P-glucopyranoside at later stage 
of seed development. Anthocyanins also attribute to the pigmentation of other legume 
seed. For example, in Glycine max, cyanidin or pelargonidin were found in immature 
seed extract whereas cyanidin and delphinidin-glucoside were present in the mature 
seeds (Todd and Vodkin, 1993). Some anthocyanidin such as delphinidin was found in 
stem extracts after acid hydrolysis. However, its respective glucoside was not detected 
by HPLC prior to acid hydrolysis. Similar results were reported by Todd and Vodkin 
(1993). They showed that pelargonidin was found in mature seed coat extracts after HCl 
hydrolysis but its glucoside, pelargonidin-3 -glucoside was not detected prior to HCl 
hydrolysis. It suggests that anthocyanidin may be present in the form of 
proanthocyanins. Proanthocyanins which occurred in the vegetative parts or seed coats 
are polymers of flavan-3-ols and get this name from the formation of their respective 
anthocyanins when heated in hot acid. The occurrence of proanthocyanins was 
confirmed by the present of pelargonidin in pigmented soybeans after acid hydrolysis 
(Todd and Vodkin, 1993). 
Yoshida et al. (1996) showed that cyanidin-3 -glucoside was the only anthocyanin 
species found in V. sinensis. In this research, the presence of two other anthocyanins, 
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namely delphinidin-3-O-P-glucopyranoside and petunidin-3-O-p-glucopyranoside in V. 
sinensis is firstly reported. The difference in anthocyanin composition mat be as a 
criterion for chemotaxomy of V. sinensis. 
4.2 Factors affecting callus initiation in V, sinensis 
4.2.1 Explant types 
The selection of explants was important in the establishment of tissue culture 
system for production of secondary metabolites. The explants chosen for establishment 
should be high in productivity in vivo and they should be obtained at proper 
physiological stage. The immature tissues were ideal for establishment. Immature 
tissue such as hypocotyls, leaves, roots and apical meristems were commonly used for 
establishment of tissue culture system. There were many reported have been studied 
using in vivo immature tissues to establish the culture system for productions (Mori et 
al., 1993). Contamination due to incomplete sterilization is a major problem 
encountered in tissue culture establishment. Therefore, initiation of culture system from 
an aseptic stock is necessary to reduce the risk of contamination. The initiation of callus 
cultures form aseptic plant has been studies in carrot (Rajendran et al., 1992). In our 
study, hypocotyls, leaves and roots from aseptic seedlings as well as seed coats from 
different stages were tested. All explants used in this study formed callus. And the best 
callus formation were obtained from hypocotyls of aseptic seedlings, and followed by 
leaves and roots (Figure 3.13). Moreover, the seed coats obtained from days 15 after 
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flowering was the best in callus initiation. The pigment content of seed coats at this 
stage was high, a favorable condition for pigment production in cell culture system. 
4.2.2 Plant hormones 
The additions of auxins and cytokinins in MS medium were commonly used in 
callus initiation. Auxins such as NAA and 2,4-D, and cytokinins such as BA and kinetin 
were used in callus formation of many species. In this study, both of the calli derived 
from hypocotyls and seed coats could not grow in the MS medium without hormones. 
This result was similar to that of strawberry (Mori et al., 1993). The requirement of 
plant hormones for callus growth was confirmed. Moreover, a high standard derivation 
(SD) showed at the flesh weight of callus when only BA (0.1 mg/L) were added in the 
culture media (Figure 3.12). As BA can be used to induce the rapid multiplication of 
shoots, axillary or adventitious buds or meristems (Dixon and Franklin, 1994). It may 
be due to some bud primordia were formed in the calli when BA concentration was used 
at 0.1 mg/L. 
4.2.3 Basal medium 
Since the explants or callus formed from tissue culture cannot produce their own 
food for growth, the addition of nutrients into the medium was necessary. Nutrients 
used for tissue culture medium containing marconutrients such as nitrogen and 
phosphate, and microelements such as iron, copper and magnesium, etc. All of those 
substances are required for growth and metabolic activities. They also serve as 
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precursors for many secondary metabolites such as anthocyanins. MS and B5 were the 
widely used culture media with suitable components for cell growth. 
In this study there was no significant difference in callus growth using of MS or 
B5 basal media with various combinations of hormone in the hypocotyl and seed coat 
callus cultures. MS basal medium with NAA (5 mg/L) and BA (0.1 mg/L) was the best 
for cell growth. 
4.3 Factors affecting anthocyanin productions in callus cultures derived from 
hypocotyls 
4.3.1 Nutrients 
Increased production of secondary metabolites under nutrient stress conditions in 
callus systems has been reported in many species (Lofty et al., 1989; Hirose et ai, 1990; 
Girod and Zryd, 1991; Nawa and ohtani, 1992). Under in vivo condition anthocyanin 
was widely used as a marker of stress (Mazza and Miniati, 1993). A positive response 
to chemical stress was also reported in callus cultures of Prunus persica (Cordts et al., 
1987) and cranberry (Madhavi et al,, 1995), where low nitrogen was found to increase 
anthocyanin production. The study on nitrogen stress in this research also showed an 
increase in anthocyanin production. However, the best condition for anthocyanin 
production in V. sinensis was obtained under a high nitrogen concentration (90 mM). 
Similar results have been shown in Dioscorea alata (Fan and Wen, 1994). Moreover, 
from our results showed that under nitrogen concentration at 60 mM an increase in cell 
growth (Table 3.6). As nitrogen is required for growth, nitrogen salt such as potassium 
8 3 
nitrate and ammonium nitrate are commonly used as nitrogen source in plant tissue 
cultures. When nitrogen at a low concentration (< 60 mM) cell growth reduced due to 
the lack of nitrogen source to maintain the growth of cells. And the cell growth also 
reduced under high nitrogen (90 mM). It may be due to the high concentration of 
ammonia from the nitrogen salt. Mori and Sakurai (1996) confirmed cell growth 
repressed by high ammonia. From the results on Table 3.6 it seems that nitrogen 
concentration at 60 mM was the optimal condition of nitrogen source on cell growth 
resulting increased cell growth. 
An increase of anthocyanin was also shown in the phosphate stress study. Both 
supraoptimal and suboptimal concentrations of phosphate posed stresses to callus. The 
increase of anthocyanin content is attributed to reduction in growth of callus under 
nitrogen and phosphate stress conditions resulting in mobilization of precursors such as 
phenylalanine from primary metablolism to secondary metabolism. This phenomenon 
has also been reported in other species (Rajendran et al., 1992). From these results, it 
seems that the formation of pigment is modulated by the levels of nutrients on the 
culture medium. However, the cell growth increased on phosphate concentration of 0.31 
mM (Table 3.7). It may be due to the increased of cell division under phosphate 
starvation. Amino and associates (1983) showed that cells can not growth without 
phosphate. But low supplied of phosphate (0.2 mM) in the culture medium increased 
cell numbers resulting in the increased of cell division. 
Moreover, the increase of BA on the medium seemed to be essential for the 
induction of anthocyanin in hypocotyl callus. The promotion of anthocyanin production 
by cytokinin was also reported in Happlopappus gracils (Constable et al, 1972) and 
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Oxalis lienaris (Meyer and Standen, 1995). Under the same BA at 1 mg/L 
concentration, NAA used as auxin on anthocyanin production were better than 2,4-D, 
the similar results were reported on carrot (Ozeki and Komamine, 1986). A repression 
of the phenylalanine ammonia-lyase and chalcone synthase enzyme proteins caused by 
increased 2,4-D was reported. (Ozeki et al, 1990). 
4.3.2 Osmotic stress 
The correlation between anthocyanin production and osmotic stress has been 
noticed in Vitis vinefere (Do and Cormier, 1990) and Oxalis linearis (Meyer and Staden, 
1995). This study with V. sinensis showed a direct relation of anthocyanin with 
osmoticum as evident from the anthocyanin yield of 1.27 |Lig/g FW using a combination 
of sucrose and mannitol as osmotic agents (Table 3.11). Sucrose at 5 % level resulted in 
enhancement of anthocyanin content to 1.39 fig/g FW (Table 3.10). This increase may 
be attributed to the dual effect of sucrose as carbon source and also as osmotic agent (Do 
and Cormier, 1990). It is well known that sucrose contributed to enhanced levels of 
phenylalanine, which is a precursor of anthocyanin synthesis. Moreover, glucose moiety 
of sucrose may take part in glycosylation of anthocyanidins to produce anthocyanins 
resulting in enhancement of anthocyanin production in callus cultures. Another osmotic 
agent polyethylene glycol (PEG) was also tested in this study. Similar results were 
obtained when sucrose combined with PEG were applied. PEG at 2 % level resulted in 
enhancement of anthocyanin content to 2.74 )Lig/g FW (Table 3.13). This increase may 
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be attributed to the high osmotic ability of PEG. However, little is known in the 
mechanism of PEG effect on anthocyanin production in tissue culture. 
4.4 Factors affecting anthocyanin production on suspension culture derived from 
seed coats 
Anthocyanin production can be induced in callus cultures. However, the low 
productivity and slow growth of cells were main problems in the production of 
secondary metabolites. Therefore, a scaling-up process is necessary. Suspension 
cultures are commonly used for this purpose. In this study, the suspension culture 
system was established from seed coats because of their high pigment formation ability 
and no chlorophyll was formed under continuous light cultures, which will reduce the 
interfere during measure of anthocyanins. 
From our results in seed coat suspension cultures (Figure 3.15), the growth of 
cells were parallel to anthocyanin production. Similar results have been shown in Vitis 
vinifera (Decendit and Merillon, 1996). It seems that increased cell growth may also 
increased in anthocyanin production in our system. 
4.4.1 Nutrients 
Results showed that the effects of nitrogen and phosphate on anthocyanin 
production in suspension cultures were same as that of callus cultures. However, there 
was no significant difference in cell growth under the effects of nitrogen or phosphate. 
It seems the requirement of nutrients was different in different types of culture. The 
total nitrogen concentration of 90 mM and phosphate of 0.63 mM were shown to be the 
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optimal concentrations in our suspension culture system. Moreover, the high SD from 
the results on the effects of phosphate (Figure 3.18) may be due to the small sample size 
in this study (3 flasks/treatment). And the data were calculated from three experiments 
at different time. Therefore, some differences may be caused from different replicates. 
4.4.2 Osmotic stress 
The results on enhancement of anthocyanin production in suspension caused by 
osmotic stress were similar to that of callus culture. However, the highest anthocyanin 
production was obtained at 3 % sucrose, lower than the optimal sucrose (5 %) for callus 
cultures. It seems the requirement of sucrose in suspension culture for anthocyanin 
production was determined by the type of explants used. Similar results of low 
concentration requirement of sucrose for anthocyanin production in cell culture of Panax 
ginseng was also reported (Li and Zhu, 1990). Moreover, the addition of PEG was not 
suitable for suspension culture in anthocyanin production in V. sinensis. 
However, under the optimal condition (MS with 90 mM total nitrogen, 5 mg/L 
NAA, 0.1 mg/L BA and 3 % sucrose) for anthocyanin production in suspension culture, 
the effects of phosphate were overcome by the high nitrogen. It seems that the 
requirement of nitrogen on anthocyanin production was higher than that of phosphate. 
When phosphate was added under a high nitrogen condition (90 mM), the growth of 
cells parallel to the anthocyanin production. It may be under a high nitrogen condition, 
the concentrations of phosphate used in this study were not strong enough to affect on 
cell growth and anthocyanin production. 
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The promotion of anthocyanin production by addition of riboflavin as observed 
in V. sinensis was also reported for strawberry in vitro (Mori and Sakurai, 1995) in vitro 
and Spirodela oligorrhiza in vivo (Thimann and Radner, 1958). Riboflavin is the major 
photoreceptor for the induction of anthocyanin synthesis in Sorghum bicolor using white 
and UV-A light (Jain and Guruprasad, 1990). Therefore, riboflavin may promote the 
metabolism of the shikimic acid channel for producing anthocyanins. However, 
riboflavin inhibited cell growth when used in high concentration (> 5 mg/L). And 
strongly repressed on cell growth when 10 mg/L riboflavin were used (Figure 3.18). It 
seems that under high nitrogen condition, the high concentration of riboflavin may toxic 
to cells. A strongly repressed on cell growth also showed when 0.5 mg/L riboflavin 
were added in the cultures. It may be due to the cell aggregation was not found in the 
cultures under this concentration and those cells with small size than other treatments 
may be lost during filtration process. However, the mechanism of riboflavin on cell 
aggregation was not known. 
In the study of pH effect under high nitrogen conditions, it was found that 
anthocyanin production decreased as pH decreased (from 5.6 to 4.6). This was contrary 
to the results of Dougall et al. (1983). Steiner and Dougall (1995) have showed that the 
increase in anthocyanin production by carrot cells grew in culture medium at pH 4.5 as 
compared to that at pH 5.5 was due to the decreased ammonium uptake at the lower pH, 
resulting in nitrogen limitation of metabolism and increased anthocyanin accumulation. 
Therefore, the high nitrogen supply in this study may be the reason for the decrease in 
anthocyanin production observed. 
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4.5 Comparison of anthocyanin production from natural source and plant tissue 
cultures of V, sinensis 
As the season for the cultivation of V. sinensis in the nature is restrictedly to 
cultivate in summer (May to September). And the seeds mature about 9-10 weeks after 
seed germination. Although, we can have a large field cultivation, the requirement on 
labor is heavy for maintain of nutrients, prevent of insects or pathogens attack and the 
collect of seeds during seed maturation. However, the anthocyanin production in plant 
tissue cultures is free of those limitations from the natural cultivations. In our optimal 
suspension system only required 3 weeks for production that is faster than that of natural 
source. To compare with natural sources, the highest cost for anthocyanin production by 
plant tissue cultures is still a problem on commercial use. 
As the highest yield of total anthocyanin under optimal suspension system (MS 
medium with 90 mM nitrogen) was only 48.58 |ig/g FW (Table 3.13) and which lower 
than that of anthocyanin content on seed coat extract (70 fig/g FW) see Figure 3.2. 
wever. However, the time was for production was shorter than that of the natural 
cultivations. There is lack of study about the toxicity of secondary products from plant 
tissue cultures. But, the use of organic solvents were required for the anthocyanin 
extraction on both of natural source and plant tissue culture. Therefore, purification 
procedure(s) may be needed when used as food colorants. 
4.6 Further studies 
8 9 
1. The identification of the three anthocyanin species in V. sinensis seed coat needs to 
be confirmed by further structureanalyzses. 
2. If the pigments produced by tissue culture are used for human consumption their 
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5. Conclusion 
The objectives of this research are: (1) to characterize the seed coat pigments and 
to study the pigment formation during seed development of Vigna sinensis and (2) to 
develop tissue culture technology for the production of these pigments. 
Anthocyanins present in different parts of a local cultivar of V. sinensis. A high 
content of anthocyanin was found to present in the seed coats. Our results showed that 
the present of petunidin-3-O-P-glucopyranoside gives petals a violet color. The red 
color of stems is due to the accumulation of cyanidin-3-0-|3-glucopyranoside in the 
epidermal cells. Three major anthocyanins were found in the seed coats, namely 
cyanidin-3-O-p-glucopyranoside, delphinidin-3-0-|3-glucopyranoside and petunidin-3-
0-p-glucopyranoside. The accumulation of anthocyanin in seed coats during seed 
development was studied. Cyanidin-3-O-p-glucopyranoside firstly appeared at day 9 
after flowering, followed by delphinidin-3-0-(3-glucopyranoside at day 13, and 
petunidin-3-O-P-glucopyranoside at day 15. Anthocyanins accumulated from day 13 
and reached a maximum at day 19 when the seed fully developed. 
Tissue culture systems for anthocyanin production were established. The effects 
of medium components on pigment production were investigated. The best callus 
formation were obtained from hypocotyls of aseptic seedlings. The seed coats obtained 
from day 15 after flowering was also best in callus initiation. The pigment content of 
seed coats at this stage was high, a favorable condition for pigment production in cell 
culture system. Anthocyanins could be induced in callus derived from hypocotyls. 
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Under nutrient stress, the best condition for anthocyanin production in V. sinensis was 
obtained from a high nitrogen concentration (90 mM). An increase of anthocyanin was 
also shown in the phosphate stress study. Both supraoptimal and suboptimal 
concentrations of phosphate posed stresses to callus derived from hypocotyls. 
Anthocyanin production increased when osmotic agents such as high sucrose, mannitol 
and PEG were used. Addition of riboflavin at high nitrogen conditions could enhance 
the anthocyanin production. And the anthocyanin production decreased as pH decrease 
in our suspension culture system. 
The optimal culture conditions for anthocyanin production in V. sinensis 
suspension culture are as follows: MS medium with 90 mM total nitrogen, 1.25 mM 
phosphate, 5 mg/L NAA, 0.1 mg/L BA and 3 % sucrose at 26 °C under continuous light. 
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